Objectives This study sought to investigate the prognostic value of access site bleeding (ASB) and non-ASB for recurrent ischemic outcomes and mortality in patients with ST-segment elevation myocardial infarction (STEMI).
Bleeding complications after percutaneous coronary intervention (PCI) are associated with an increased risk of mortality and morbidity (1) (2) (3) (4) . Therefore, considerable effort has been made to develop novel treatment strategies directed at minimizing bleeding complications. One such strategy, performing PCI via the radial artery, has been shown in prospective, randomized trials to result in a reduction in bleeding complications arising at the arterial puncture site (5, 6) . Unfortunately, although access site bleeding (ASB) represents a common source of bleeding in patients undergoing PCI, as many as 50% to 60% of major or minor bleeding complications originate at a site not related to the arterial access site (non-ASB) (7) (8) (9) (10) . Furthermore, ASB was shown in some studies to be associated with increased mortality after PCI, whereas others have failed to confirm these findings (7) (8) (9) 11, 12) . Moreover, in the RIVAL (RadIal Vs femorAL access for coronary intervention) trial, the reduction in ASB did not translate into a reduction in mortality (5) . Therefore, it is of paramount interest to investigate whether ASB significantly affects the prognosis of patients undergoing PCI because a reduction in ASB may or may not affect long-term prognosis. In this study, we investigate the impact of ASB and non-ASB on discontinuation of antiplatelet therapy and subsequent 1-year clinical outcomes in patients with ST-segment elevation myocardial infarction (STEMI) undergoing primary PCI (PPCI). In addition, we perform a meta-analysis of current literature to assess the prognostic impact of ASB and non-ASB on 1-year mortality in patients undergoing PCI.
Methods
Source population and procedures. The data analyzed in this study were obtained from consecutive STEMI patients who were accepted for PPCI at the Academic Medical Center-University of Amsterdam between January 1, 2003 and July 31, 2008. The study complied with the Declaration of Helsinki, and the local ethics committee approved the study protocol. In general, patients qualified for PPCI if they had typical ischemic chest pain and at least 1-mm ST-segment elevation in !2 contiguous leads, a new left bundle-branch block, or a true posterior myocardial infarction (MI). The PPCI and adjunctive pharmacological treatment were performed according to American College of Cardiology/ American Heart Association and European Society of Cardiology guidelines. Patients received a standard 300-to 600-mg loading dose of clopidogrel. If a coronary stent was implanted, clopidogrel was prescribed for at least 1 month in patients with a baremetal stent and for 6 to 12 months in patients with a drugeluting stent. Patients were routinely pretreated with 300 mg aspirin and 5,000 IU unfractionated heparin. An additional heparin bolus was administered at the catheterization laboratory, if necessary, to achieve a targeted activated clotting time of 300 s followed by an infusion of 12 U/kg/h with titration to achieve a target activated partial thromboplastin time (aPTT) of 1.5 to 2 times the control. Glycoprotein IIb/IIIa inhibitors were used at the discretion of the operator.
Procedural and angiographic data were prospectively collected in a dedicated database by interventional cardiologists and specialized nurses. Chart review for consecutive STEMI patients with available aPTT measurements was performed in the context of a study designed to investigate the relationship between periprocedural aPTT and clinical outcome in STEMI patients treated with PPCI. A detailed description of the study protocol was previously reported (13) . Laboratory measurements (including hemoglobin) that were performed in referring hospitals were added to the study database. We obtained clinical history and detailed information on periprocedural treatment from inpatient records in the PCI center and referring hospitals. We obtained follow-up of clinical outcome, including recurrent MI, stroke, stent thrombosis, and bleeding, by reviewing in-and outpatient charts in the tertiary PCI center and referring hospitals between 2011 and 2012. For each patient, we systematically checked inpatient charts of every hospital admission for the occurrence of clinical events, including hemorrhagic events and their location. Follow-up of clinical events was censored at the actual date of chart review. Patients whose whereabouts could not be traced were considered lost to follow-up from the date of last known medical contact. Follow-up information regarding vital status was obtained from computerized long-term mortality records from the National Death Index. If a patient could not be identified in these records (e.g., foreign patients), censoring was at the date of last contact. For the present analysis, patients were censored at the date of death or at 1 year after the index PCI, whichever came first. Study design. The study cohort consisted of all STEMI patients included in our study database who were alive at the end of the procedure. Bleeding was considered to have occurred when the GUSTO (Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Arteries) severe or moderate bleeding criteria were met (14) . Bleeding was considered access site-related if it originated at the PCI-related arterial puncture site or in the retroperitoneal cavity in case of femoral access. Bleeding originating at arterial puncture sites required for achieving arterial access for an intra-aortic balloon pump (IABP) or other left ventricular assist devices during the index PCI were also defined as ASB. All other bleeding complications were considered nonaccess site-related. As a sensitivity analysis, ASB and non-ASB were defined according to the Thrombolysis In Myocardial Infarction major or minor criteria (15) .
Cardiac mortality, recurrent MI, and stent thrombosis (definite) were defined according to the Academic Research Consortium criteria (16) . Stroke was defined as an irreversible neurological deficit, as classified by the treating neurologist, on the basis of supporting information, including brain images and neurological evaluation. Meta-analysis. We performed a computerized literature search for the period 1980 to September 16, 2013 , of the PubMed and Embase databases, using search terms that included "bleeding" or "hemorrhage" and "acute coronary syndrome" or "percutaneous coronary intervention." Study selection was done by 2 independent reviewers (W.J.K., R.D.), and disagreement was resolved by a third reviewer (J.P.S.H.). Citations were screened at the title/abstract level and retrieved as full reports. Bibliographies of identified studies and relevant review articles were screened for potentially suitable studies. Non-English articles, case reports, reviews, and studies reporting duplicate data were excluded.
To be included, studies had to include patients treated with PCI and compared 1-year mortality of patients with ASB and non-ASB occurring within 30 days after PCI. We did not include studies that did not report adjusted HRs for 1-year mortality. Studies in which HRs for mortality were not calculated in time-dependent Cox models were also eligible for inclusion.
The flow chart of the search strategy and selection of studies is depicted in Figure 1 . We identified 22 studies potentially suitable for inclusion in our meta-analysis; 2 of these were excluded because they reported duplicate data, and 14 studies were excluded because 1-year mortality after ASB and non-ASB was not reported. Of the 6 studies reporting 1-year mortality after ASB and non-ASB, 2 were removed because adjusted HRs for 1-year mortality were not reported. Finally, we included the results of the present study in our meta-analysis. Therefore, a total of 5 studies were included in our meta-analysis of the prognostic value of ASB and non-ASB.
Statistical analysis. To investigate the occurrence of clinical outcomes (cardiac and noncardiac mortality, recurrent MI, stent thrombosis, and stroke) after ASB and non-ASB, the following analyses were designed. The relationship between the occurrence of ASB and non-ASB within 30 days and subsequent 1-year outcomes compared with patients without bleeding was investigated by inserting these events simultaneously as time-dependent variables in 2 sets of Cox proportional hazards models for each clinical outcome measure: unadjusted models and We performed a meta-analysis of adjusted HRs for 1-year mortality according to ASB and non-ASB, using the generic inverse variance method (17) . The heterogeneity across studies was assessed using the I 2 statistic. Analyses were performed with Statistical Package for Social Sciences software (SPSS version 18.0, Chicago, Illinois) and Review Manager (RevMan) (Version 5.2., The Nordic Cochrane Centre, Copenhagen, Denmark).
Results
Of the 3,472 STEMI patients treated with primary PCI in our institution between January 1, 2003 and July 31, 2008, we collected follow-up for 2,009 patients. Of these 2,009 patients, 2,002 were alive at the end of the procedure. Baseline, procedural, and angiographic characteristics for patients included and excluded in the analysis are given in Online Table 1 . Patients included in the analysis more often presented in cardiogenic shock and were more often treated with an IABP. One-year mortality was complete in 99.8% (1997/2002) of patients included in the analysis and 99.1% (1,457/1,470) of patients excluded from the analysis. One-year mortality was 11.8% in patients included in the analysis, whereas mortality was 10.3% in patients excluded (p ¼ 0.22).
Seventy-four patients underwent PCI via radial access, 1,910 patients underwent PCI via the femoral artery, and the remaining 16 patients underwent PCI via a combination of femoral or radial access or an access site other than the femoral or radial access site. One-year clinical follow-up was complete for 99% of patients (1981/2002 ). In total, 196 patients (9.9%) experienced GUSTO severe or moderate bleeding within 30 days of follow-up. The distribution of the location of bleeding events is shown in Online Table 2 . Of the 196 patients who experienced GUSTO severe or moderate bleeding within 30 days, 52% (n ¼ 102) of patients experienced non-ASB, 63.2% (n ¼ 124) of patients experienced bleeding originating at an arterial puncture site (30 patients experienced both). In the first 30 days after PPCI, 7 patients experienced a fatal bleeding event. Five of these events had a hemopericardial origin, 1 was coronary artery bypass graft related, and 1 was located in the retroperitoneal cavity. Baseline clinical and procedural characteristics of patients with ASB or non-ASB compared with patients without bleeding are given in Table 1 . Patients with ASB and non-ASB had a higher baseline risk profile. Compared with patients without bleeding, they typically had more severe atherosclerosis, a higher leukocyte count, and lower creatinine clearance on presentation; more often had cardiogenic shock; and more often required IABP treatment for hemodynamic support. Prognostic value of ASB and non-ASB. Figure 2 displays Kaplan-Meier curves for 1-year mortality of patients with ASB and non-ASB. Table 2 displays the unadjusted and adjusted associations between ASB and non-ASB that met the GUSTO severe or moderate bleeding criteria and 1-year outcomes. On multivariable analysis, ASB was not associated with a higher risk of recurrent MI, stroke, stent thrombosis, and cardiac and all-cause mortality. Conversely, non-ASB was associated with a 3-fold higher risk of stent thrombosis and cardiac and all-cause mortality after adjustment for confounders. Online Table 3 provides the unadjusted and adjusted relationships between ASB and non-ASB that met the Thrombolysis In Myocardial Infarction major or minor bleeding criteria and 1-year outcomes.
Impact of ASB and non-ASB on antithrombotic therapy.
Patients who experienced non-ASB during the index hospital admission were admitted for a median duration of 18 days (interquartile range [IQR]: 11 to 24 days) compared Shown are Kaplan-Meier curves for mortality after the occurrence of access site-related bleeding or nonaccess site-related bleeding within 30 days after primary percutaneous coronary intervention. Zero time point is time of the bleeding event. Patients who experienced both access and nonaccess site bleeding were counted in both access and nonaccess site bleeding groups.
with 13 days (IQR: 7 to 21 days) in patients who experienced ASB and 5 days (IQR: 3 to 8 days) in those who did not experience any bleeding during the index admission (p < 0.001). Other treatment aspects associated with ASB and non-ASB are given in Table 3 . Figure 3 displays the rates of discontinuation of antiplatelet therapy according to bleeding source. Antiplatelet agents were most often discontinued indefinitely in patients with non-ASB. Of the 124 patients with ASB, 3 experienced a stent thrombosis within the following year. Conversely, of the 104 patients with non-ASB, 5 experienced a stent thrombosis within the following year. In 1 of these patients, antiplatelet therapy was discontinued indefinitely after the preceding bleeding event. Meta-analysis. Including the present study, there are 5 studies reporting adjusted HRs for mortality after ASB and non-ASB, including a total of 495,630 patients (7-10). Two studies included patients undergoing elective PCI or PCI for acute coronary syndrome (7, 9) . The study by Rao et al. (9) excluded patients younger than 65 years of age. Two studies including the present study were conducted in STEMI (8) . Finally, 1 study was performed in elective PCI and non-ST-segment elevation acute coronary syndrome only (10) . A forest plot of the adjusted HRs for 1-year mortality is shown after ASB (Fig. 4A ) and non-ASB (Fig. 4B) . Both ASB and non-ASB are significantly associated with 1-year mortality. The degree of risk, however, is dependent on the source of bleeding; the adjusted risk of 1-year mortality is higher in patients with non-ASB compared with patients with ASB (combined HRs of 1.66 and 1.21, respectively).
Discussion
The main findings of our study are that in 2,002 STEMI patients, bleeding complications arising at the arterial puncture site, regardless of the bleeding definition applied, were not associated with an increased risk of mortality, recurrent MI, stent thrombosis, or stroke. By contrast, non-ASB was associated with a 3-fold higher risk of cardiac and all-cause mortality within 1 year after PPCI. A novel finding that provides further insight into the difference in prognostic value was that non-ASB was associated with higher rates of discontinuation of antiplatelet therapy and stent thrombosis. In a meta-analysis including 5 studies investigating the risk of 1-year mortality in patients with ASB and non-ASB, we found that both ASB and non-ASB were significantly associated with 1-year mortality. Non-ASB was associated with the strongest risk of 1-year mortality. Difference in prognostic value. On univariate analysis, ASB and non-ASB were associated with a higher risk of 1-year mortality. After multivariable adjustment, ASB was no longer associated with a higher risk of mortality, whereas non-ASB was associated with a 3-fold higher risk of mortality. This suggests that the higher mortality in patients with ASB can be explained by factors associated with high mortality, such as cardiogenic shock, acute renal insufficiency, and multivessel disease. Our observation that non-ASB is associated with a worse prognosis than ASB is consistent with previous studies. In our meta-analysis, we found that non-ASB was associated with a greater risk of 1-year mortality than ASB.
Several factors may have contributed to the difference in prognostic value between ASB and non-ASB. First, ASB was less often associated with a discontinuation in antithrombotic therapy, which is known to increase the risk of stent thrombosis and recurrent MI (18) . Indeed, we observed a greater risk of stent thrombosis within 1 year in patients with a non-ASB. Second, compared with ASB, non-ASB occurs in anatomically more remote areas of the body, resulting in a greater delay between the moment of onset of bleeding and diagnosis. Moreover, non-ASB is less easily accessible to interventions directed at gaining immediate control of the bleeding. Third, non-ASB may unveil previously concealed ominous comorbidities, which are by themselves correlates of a worse outcome, such as an unknown malignancy. Finally, we hypothesize that non-ASB, more than ASB, may be a marker of unmeasured confounders or frailty. Prognostic value of non-ASB. In accordance with previous studies, the risk of 1-year mortality was greatest in patients with non-ASB. This is a significant finding given the fact that half of all bleeding events originated at a location other than the access site. A number of mechanisms may be responsible for the relationship between non-ASB and 1-year mortality. First, non-ASB was associated with a discontinuation of aspirin or clopidogrel in 13.5% of cases. Discontinuation of antiplatelet therapy is associated with a greater risk of stent thrombosis and recurrent MI (18) . Second, bleeding may result in anemia and impaired oxygen delivery to vital end organs such as the brain, kidneys, and The bars indicate the percentage of patients with bleeding in whom antiplatelet therapy was discontinued indefinitely after a bleeding event. Patients who experienced both access and nonaccess site bleeding were counted in both access and nonaccess site bleeding groups.
myocardium. In patients with multivessel coronary artery disease and/or a poor systolic function, impaired oxygen delivery to the myocardium may deteriorate myocardial function and result in hemodynamic compromise and cardiac death. Third, erythropoietin synthesis in response to anemia may induce a prothrombotic state by causing platelet activation and increased production of plasminogen activator inhibitor 1 (19, 20) . Fourth, non-ASB required blood transfusions, which have been associated with mortality (21) . Finally, non-ASB may merely be a marker of unmeasured comorbidities and frailty. Study limitations. The patients included in the present analysis were selected from a series of consecutive STEMI patients on the basis of the availability of an aPTT measurement. We did not collect information on bleeding and ischemic outcomes in patients without aPTT measurements. This might have introduced selection bias. Although patients included in our analysis more often presented in cardiogenic shock and were more often treated with IABP, there was no difference in 1-year mortality between patients included and excluded in the analysis. Moreover, the primary analyses of this study are based on HRs, which is a proportional effect measure. Therefore, we believe it is unlikely that the selection of patients has influenced the estimates of the HRs provided in Table 2 . The data presented in the present analysis pertain to selected STEMI patients undergoing PPCI at a single center. Therefore, our results might not be applicable to a general STEMI population. However, the baseline and procedural characteristics of patients included in the study were representative of a typical European STEMI cohort.
Conclusions
In a contemporary cohort of STEMI patients, ASB was not associated with an increased risk of mortality and recurrent ischemic events, whereas non-ASB was associated with an increased risk of mortality and stent thrombosis. These results taken together with the results of 4 previous studies in almost 500,000 patients indicate a greater hazard of subsequent mortality in patients with non-ASB. Our study supports the need to develop treatment strategies that diminish non-ASB.
